Abstract-This paper presents a propagation prediction technique to predict propagation mechanisms for fixed terrestrial line-of-sight (LOS) radio links, especially proposed for rural environments. We report the results of a short-term propagation measurement campaign carried out in the area of Ankara, Turkey. The field measurements were performed at the frequency of 2.536 GHz for a period of three months in summer 2015. It is observed that the difference between measurement data and predicted mean received power is smaller than the standard deviation value provided by Recommendation ITU-R P. 1546.
INTRODUCTION
The accurate prediction of propagation mechanisms for terrestrial line-of-sight (LOS) radio links is an essential issue for planning and designing high capacity point-to-point and point-to-multipoint radiocommunication systems. In the planning of terrestrial LOS systems, quantitative data related to the fade margin, mean received power, and worst-month link availability of the channel are required. Usually, link availability of 99.99% for the worst month is the design target for the fixed terrestrial LOS radio links. In this paper, a method for the prediction of propagation mechanisms for terrestrial LOS links is developed, and it is verified by using short-term propagation measurement data carried out in the area of Ankara, Turkey.
Several empirical propagation prediction models have been proposed over the years for the design of fixed terrestrial LOS radio links, both in clear-air and rainfall conditions. Currently, the Recommendation ITU-R P. 530 [1] is one of the most widely used channel models. This paper provides a modified propagation prediction model for the effects of multipath propagation under the various meteorological conditions. A digital terrain elevation data is used to analyze the path profile between the transmitter (TX) and receiver (RX) sites. The simulation analyses of the modified prediction model are made for fixed terrestrial LOS radio links operating in NATO Band 3+ (1350-2690 MHz) and NATO Band 4 (4400-5000 MHz) frequency bands. In addition, modified Bullington model is applied to calculate the diffraction loss for the LOS paths, and a method to calculate reflection points on the terrain profile is developed [2] [3] .
The microwave link analyses for several fixed terrestrial microwave LOS/NLOS (line-of-sight/non line-of-sight) radio links are performed using the propagation parameters such as TX and RX station coordinates, path length, frequency, antenna heights above ground level, antenna gains, polarization, radio refractivity gradient, time percentage for attenuation due to rain, rain rate, target SNR (signal-to-noise ratio), bandwidth, digital terrain elevation data, and climate data. A method for the calculation of the received power with the effect of the ground reflection is developed [3] [4] . The implementation of link analysis is verified by using the commercial ATDI ICS telecom software [5] and the short-term field measurement data carried out in the area of Ankara, Turkey.
This paper is organized as follows. In Section II, a brief review of different channel models and the modified propagation prediction model are given. The next section presents information about measurement scenario and comparative study for both measurement data and simulation analyses of the sample LOS radio link. Concluding remarks are given in Section IV, along with the future work.
II. PROPAGATION PREDICTION MODELING
In this study, analyses and implementation of propagation prediction models for the design of fixed terrestrial point-topoint systems are provided. Different propagation prediction models in the literature are examined and comparisons are made [3] . Rec. ITU-R P. 530 channel model provided by ITU-R Study Group-3 is analyzed in detail, because it provides the calculation procedure for several propagation mechanisms that must be considered in the design of LOS paths.
The recommendations on the propagation aspects are published in P series of ITU-R. Rec. ITU-R P. 530 "Propagation data and prediction methods required for the design of terrestrial line-of-sight systems" recommendation is one of the most widely used methods providing guidelines for the design of the terrestrial LOS radio link.
The Rec. ITU-R P. 530 channel model is composed of four significant clear-air and rainfall propagation effects relative to free-space for the terrestrial LOS links as follows:
 Attenuation due to atmospheric gases,  Attenuation due to rain,  Fading due to multipath,  Diffraction loss due to obstruction along the path. Region-based propagation prediction techniques have been developed for some countries. They include the BarnettVigants model for the United States [6] [7] and the Morita model for Japan [8] . These techniques depend on the frequency, path length and propagation geoclimatic factor predicting the worst-month link availability for LOS paths.
In accordance with the paper by Olsen-Tjelta [9] and Ericssonwide Internal Report [10] , the application of three different channel models for many regions around the world clearly shows that the Rec. ITU-R P. 530 channel model gives the best overall performance modelling flat-fading statistics on overland links and also on links in rugged inland regions. The ITU-R propagation database includes 239 links (206 overland and 33 overwater) in 22 countries for frequencies ranging from 450 MHz to 37 GHz located in regions from mountains to overwater. However, this ITU-R propagation database doesn't contain of the propagation data of Turkey region.
A geoclimatic factor is needed to calculate the worst-month link availability for the LOS paths. There are two ways to calculate the geoclimatic factor: a quick calculation (QC) method, and a detailed link design (DLD) method. The quick calculation method uses only point refractivity gradient in the lowest 65m of the atmosphere, dN1. However, the detailed link design method uses both dN1 and the terrain roughness defined as the standard deviation of terrain heights within a 110 km×110 km area, namely sa parameter. The sa data provided by the ITU-R Study Group-3 is too coarse. Therefore, we change the resolution of the terrain roughness data and investigate its effect for the worst-month link availability [11] . The sa data with better resolution improves the accuracy of the analysis. Therefore, the geoclimatic factor of the Rec. ITU-R P. 530 channel model varies based on the refractivity gradient, dN1 and terrain roughness, sa parameters in the area of Turkey. However, the other region-based propagation prediction techniques don't depend on these parameters calculating the geoclimatic factor.
Rec. ITU-R P. 530 channel model provides a procedure for estimating the path loss values for clear-air and rainfall conditions. However, the formulation of the received power with the effect of ground reflection along the path is not defined in the Rec. ITU-R P. 530 channel model. In this paper, a method for the calculation of the received power with the effect of the ground reflection is developed [3] [4] . In addition, a modified Bullington model is applied to calculate the diffraction loss for the LOS paths, and a method calculating reflection points on the terrain profile is developed [2] [3] .
A free space loss, LFSL in dB, is calculated by using the Friis transmission formula given by [1] :
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where d is the path length in km, and f is the radio frequency in GHz.
The received power formulation related to direct signal (without the effect of the ground reflection) can be calculated as follow [3] 
where Ptx is the transmitted power in dBm, Gtx and Grx are the gain of TX and RX antennas in dB, CL is the cable losses in dB, Agas and Arain are attenuation due to atmospheric gases and rain in dB, and Adiff is the diffraction loss for the terrain profile in dB. The received power formulation with the effect of the ground reflection in dB can be calculated as follow [3] [4]: min{ } 10 20
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where Ls are all possible reflection losses along the path in dB. The fade margin is computed using the following expression [3] [4] :
where PN is the noise level in dBm, and SNR is the target signal-to-noise ratio in dB. The calculation procedure of the worst-month link unavailability for detailed link design method is stated as follows [1] :
As a first step, the propagation geoclimatic factor and path inclination are calculated using the following relations: 
where htx is the altitude of the transmitting antenna in meters, hrx is the altitude of the receiving antenna in meters. Finally, the average worst-month link unavailability, pw, is calculated as a function of the calculated fade margin, terrain roughness, propagation geoclimatic factor, path length, and frequency parameters given by: 
III. MEASUREMENT SET-UP AND RESULTS
Short-term propagation measurements were carried out for a period of three months in 2015 (June-August, 2015) in the area of Ankara, Turkey. The measurement scenario was performed at the frequency of 2.536 GHz for the case of vertical polarization. As a result of the high directive gain of the antennas used at each of LOS stations, accurate pointing is required. The distance between the two stations is 10.652 km. An aerial photograph of the 10.652 km terrestrial LOS radio link is given in Fig. 1 . A path profile between TX and RX stations is generated using Digital Terrain Elevation Data (DTED-1) with a spatial resolution of 3×3 seconds. Detailed information regarding the terrestrial LOS path is provided in Table I . The terrain profile of the LOS radio link is presented in Fig. 2 . The blue and red curves indicate the first Fresnel zone and 0.6 first Fresnel zone, respectively.
Received signal levels obtained during the measurements were recorded periodically using N9912A Fieldfox Handheld RF Combination Analyzer onto a computer. The received signal level measurement data for 10.652 km terrestrial LOS radio link is given in Fig. 3 . Based on the data presented in Fig. 3 , received power values have a periodic cumulative distribution for the 10.652 km terrestrial LOS radio link. The comparative study for both measurement data and simulation analyses of the sample LOS radio link as a function of fade depth is given in Fig. 4 . In the case of small fade depth, the mean and standard deviation of discrepancies between measured and predicted values for the LOS path is small. In Rec. ITU-R P. 1546 model [12] , the standard deviation of a digital signal at 2 GHz frequency is given as 5.5 dB for certain planning situations. Therefore, the difference between measurement data and predicted received power values are smaller than the standard deviation provided by Rec. ITU-R P. 1546, see Fig. 4 . 
IV. CONCLUSIONS
This paper presents the results of a short-term propagation measurement campaign carried out in the area of Ankara, Turkey. A modified propagation prediction model for the effects of multipath propagation under the various meteorological conditions has been developed using Digital Terrain Elevation Data. The performance analysis in terms of the received power have been done for sample terrestrial microwave LOS radio links. Furthermore, we have introduced the measurement set-up and the corresponding measurement scenario carried out in the area of Ankara, Turkey. Based on the measurement results, we have provided a comparison between the measurement data and the predicted received power values. It can be shown that the difference between measurement data and predicted received power values are smaller than the standard deviation provided by Rec. ITU-R P. 1546.
